Employment in the manufacture of the herbicide 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) is associated with potential exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and elevated serum lipid TCDD concentrations can be measured in workers for decades after terminated occupational exposure. As part of an epidemiological study of 1599 workers employed at a facility in New Plymouth, New Zealand that manufactured 2,4,5-T, serum TCDD concentrations measured in blood samples from 346 workers were used with work history records and a simple pharmacokinetic model in a linear regression to estimate dose rates associated with specific job exposure groups at the facility. The model was used to estimate serum TCDD concentration profiles over time for each individual in the full study group and accounted for 30% of the observed variance in TCDD concentrations in the serum donor subgroup. The model underestimated measured concentrations substantially for eleven individuals in the study group; examination of questionnaire data revealed a variety of activities apart from routine employment at the facility that may have contributed to the measured serum TCDD concentrations. Estimated serum TCDD concentrations were below 300 p.p.t. for all individuals in the cohort over the entire study time period, lower than estimates for other 2,4,5-T worker populations. This finding is consistent with occupational medicine records, which indicated that no cases of chloracne were ever diagnosed among workers employed on the site. The modeled exposures will be used in an evaluation of mortality patterns of workers at this facility.
Introduction
Exposure estimation based on serum sampling data, work history records, and pharmacokinetic modeling has been used as a tool for assessing historical occupational exposures to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in workers involved in the manufacture of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) (Ott and Zober 1996; Steenland et al., 2001; Crump et al., 2003; Aylward et al., 2005a) . Because TCDD is highly persistent in human tissues, elevated exposures occurring many years before measurement in serum can be detected. The TCDD concentration measured many years after exposure is a function of intensity of occupational exposure, duration of occupational exposure, and time since last exposure. Integration of available work records, TCDD pharmacokinetic data, and serum sampling data into a model of occupational exposure can be used to estimate a timedependent serum TCDD concentration profile for each worker. Significant limitations and uncertainties in such exposure reconstructions must be recognized due to the substantial interindividual variability in TCDD pharmacokinetics and heterogeneous nature of actual exposures compared with assumptions used in the exposure reconstruction modeling. Further, the work history records are imperfect, and other factors such as variable work practices are typically unmeasured (Aylward et al., 2005a) . However, such reconstructions provide one basis for evaluation of potential exposure-response patterns within a study group by enabling the estimation of potentially relevant dose metrics such as area under the curve (AUC) of serum lipid-adjusted TCDD concentration. In the absence of detailed industrial hygiene data at the New Zealand site, an exposure reconstruction based on measured serum concentrations and work history records is an improvement from the simple assumption that all workers were exposed or use of duration of employment as a surrogate for amount of exposure. This paper describes the exposure estimation for workers at a facility in New Zealand that manufactured 2,4,5-T along with other products between 1962 and 1988. During the 1960s, 2,4,5-trichlorophenol was shipped into the facility for use in the 2,4,5-T production. Beginning in 1969, 2,4,5-trichlorophenol was manufactured on site. Little industrial hygiene data on TCDD exposure among workers are available, but manufacture of 2,4,5-T and 2,4,5-trichlorophenol occurred at this site when processes had already been optimized to minimize TCDD contamination in products. No case of chloracne was ever diagnosed among workers at the site. Serum TCDD concentrations measured in samples collected from a subgroup of workers in 2005, 2006, and 2007 were used in conjunction with work history records and pharmacokinetic modeling to reconstruct estimated exposures among all workers at the plant. The resulting exposure reconstruction will be used in evaluations of mortality patterns among workers at the plant.
Methods

Study Group
Job and department records were used to identify 1599 individuals who worked at the facility during the period of 2,4,5-T manufacture for one day or more. Concentrations of seven polychlorinated dibenzo-p-dioxin (PCDD) compounds, 10 polychlorinated dibenzofuran (PCDF) and selected polychlorinated biphenyl (PCB) compounds were measured in serum samples donated by 346 individuals (21.6% of the total group) who were employees of the plant for 3 days or more during the time period of trichlorophenol or phenoxyacetic acid manufacture and who resided within 75 km of the plant at the time of the blood draw. TCDD was the only congener that showed elevations above general population background levels, consistent with previous studies of 2,4,5-T manufacturing cohorts and data on product contamination (Nygren et al., 1988; Beck et al., 1989; Papke et al., 1992; Piacitelli et al., 1992; Smith et al., 1992; Ott et al., 1993; Littorin et al., 1994; Flesch-Janys et al., 1996; Heederik et al., 1998; Ryan and Schecter, 2000) . The serum study is described in detail in an accompanying publication (Collins et al., 2008) .
Job Assignment Categorization
Work records were examined to identify job titles, department, and start and stop date of each job for each individual. Job titles and departments as reported in the work records were classified into a consistent group of study job titles and departments. Each unique combination of study job and study department was categorized as to the likelihood of continuous exposure potential (for example, the trichlorophenol manufacturing jobs) or intermittent exposure potential (for example, maintenance workers). A group of long-term workers from several areas of the plant provided consultation on job classification and exposure potential on a job-and department basis based on first-hand experience.
Qualitative exposure intensity or frequency classifications were assigned to individual job title and department combinations. Exposure classifications were judgments regarding likely frequency or intensity of potential exposure to TCDD. For the continuous exposure category jobs, all jobs within a department were classified as either 0 ¼ no exposure, 1 ¼ low exposure potential, 2 ¼ medium exposure potential, or 3 ¼ high exposure potential. For jobs in departments with intermittent exposures, the classifications were 0 ¼ no exposure, 1 ¼ infrequent exposure, 2 ¼ exposure once a month, 3 ¼ exposure once a week, or 4 ¼ exposure once a day. There was no evidence that significant changes in processes or other plant characteristics occurred during the time period when TCDD-associated processes were active at the plant, so no differences in exposure intensity or frequency estimates were assigned based on calendar period.
Finally, a number of jobs were assigned to an ''unexposed'' exposure group. These included administrative and support jobs, as well as manufacturing operations where the potential for dioxin exposures was assessed to be negligible. The combination of work group and exposure intensity classification resulted in 28 unique job exposure groups (JEGs) ( Table 1) .
Dose Rate Estimation
The work history files and serum TCDD data from the serum donor group were used to estimate dose rates of TCDD exposure for each JEG. Because of the long biological half-life of elimination of TCDD, serum TCDD measurements can provide information regarding exposures at earlier time periods. Two main assumptions were used in this exposure reconstruction modeling effort: (1) exposure to TCDD for a given job assignment within a JEG can be modeled as a constant average exposure rate in ng year À1 ; and (2) the toxicokinetics of TCDD can be modeled as a first-order process with distribution in the body solely to adipose or lipid tissue. Under these assumptions, measured serum TCDD at the time of sampling is a function of the intensity, duration, and time period(s) of exposure as well as of elimination rate. For an individual with n job assignments, exposures due to all n job assignments, as well as background exposures received through diet, contribute independently to the measured serum lipid TCDD concentration at the time of measurement (C tm , Eq. (1)):
The concentration of TCDD remaining in serum lipid at the time of measurement t m due to exposure to TCDD The numbers associated with each of the job exposure groups are the qualitative exposure intensity/frequency characterizations discussed in the text.
TCDD exposure estimation for NZ 2,4,5-T workers Aylward et al from a given job assignment i, C tm_i , can be estimated using Eq. (2):
Where D i is the average dose rate for job i in ng year À1 ; V is the volume of distribution (in this case, the mass in kilograms of adipose or lipid tissue); k is the first-order elimination rate for TCDD, year À1 ; and t 0i and t i are the dates of first and last exposure on that job assignment, respectively. The volume of distribution V in kg of adipose or lipid tissue was estimated for each individual at the time of serum sampling using a formula for percent body fat accounting for age, sex, and BMI (Deurenberg et al., 1991) , and was assumed to have been constant over their entire adult life. We recognize that this estimation formula for percent body fat may not provide completely accurate estimations for persons of different races; however, we could not account directly for this issue and felt that use of this approach was more justifiable than assuming a constant percent body fat for all individuals in the cohort. The apparent first-order elimination rate for TCDD has been estimated in numerous studies, and demonstrates notable dependence on age, with elimination rate decreasing with increasing age (reviewed by Milbrath et al., 2007) . In addition, several studies have indicated that elimination of TCDD occurs more rapidly in individuals who smoke, perhaps due to induction of enzyme activity (Flesch-Janys et al., 1996; Ferriby et al., 2007) . Milbrath et al., (2007) assembled data from numerous studies to estimate an ageand smoking status-specific function for the half-life of elimination (t 1/2 ) of TCDD in years:
Where A is age in years and SF is a smoking factor: for nonsmokers, SF ¼ 1, whereas for smokers, SF ¼ 0.739. The elimination rate, k, (units of year
À1
) for a given age is related to the half-life as follows:
The age-and smoking-dependent elimination rates used in Eq. (2) were estimated using Eq. (3) on a job-specific basis for each individual at the average age for each duration represented in the equation (during the job assignment and from the end of the job assignment to time of measurement). We elected to use this age-and smoking status-specific function for half-life to reflect the current understanding regarding TCDD elimination rates and to take advantage of the detailed person-specific information available for the serum donor subcohort, in which 13% reported being current smokers. Equation 1 and 2 were entered into a multiple linear regression to estimate specific dose rates, D, associated with employment in various JEGs. Model development proceeded in several steps using the multiple linear regression function in Microsoft Excel 2003. Job assignments occurring before 1962 or after 1988 (before and after TCDD-related processes were operative at the site, respectively) and at locations away from the New Plymouth site (elsewhere in New Zealand or offshore) were omitted from the regression through assignment of zero dose rates. In addition, several of the listed JEGs were represented by few or no work records in the work histories of the serum donor group. Work records in JEGs represented by fewer than five work records were reassigned to other JEGs on the basis of information provided by the consulting long-term workers. Dose rates for the resulting 15 JEGs were estimated in the multiple linear regression analysis, which also included an intercept term, interpretable as the background serum lipid TCDD concentration independent of occupational exposure at the time of measurement.
The model was refined through examination of the resulting dose rate estimates. The number of independent dose rate parameters in the model was iteratively reduced to identify a parsimonious model that reflected both the qualitative understanding of the exposure potential of various job assignments and an examination of information regarding non-plant exposure potential for outlying individuals. The iterative refinement of the model is described in more detail in the Results section.
Exposure Estimation
Using the estimated dose rates for each JEG resulting from the final model, the serum lipid TCDD concentration vs time profile was estimated for each individual from the date of first employment to the date of end of follow-up using Eqs (1 and 2) on a month-by-month basis. For these calculations, the volume of distribution, V, was estimated as the average of that in the serum-sampled group, and the assumption was made that none of the cohort were currently smokers, based on only 13% reporting current smoking in the serum donor group. Using the estimated concentration vs time profile, a time-dependent estimate of the AUC of occupationally derived serum lipid TCDD was derived for each of the 1599 members of the study for use in epidemiological analyses.
Results
Initial Regression
Measured and modeled serum lipid TCDD concentrations at the time of measurement were plotted and outliers whose measured serum lipid TCDD concentrations were substantially higher than the modeled values, were identified. Inspection of questionnaire data from several outliers revealed that these individuals had been present at a trichlorophenol process release that occurred overnight on 15 April 1986 when vapor was vented from a reactor producing sodium trichlorophenate. Further examination of the medical records at the plant identified 12 individuals from the serum donor group (as well as six additional workers in the full study) who were present at the time of the release and were followed up by the plant clinic. Based on this information, a 1-day work history record specific to the process release was added for each of the individuals with documented direct involvement in the release (based on questionnaire responses or clinic records). In addition, a 1-day work history record was also added to the regression for every individual in the serum donor group with an active job assignment on the site the following day to assess the possibility of significant indirect exposure due to possible sitewide residue from the release.
The revised model regression indicated that direct involvement in the release or cleanup was associated with a substantial, statistically significant estimated dose rate. However, simply being employed at the site on the day following the release (with no documented direct involvement in the release or cleanup) was not associated with a statistically significant positive dose rate. Inclusion of the direct release exposure as a component of the regression resulted in a significant improvement of the model performance. Based on these results, a 1-day work history record associated with the release was retained in the model for the 12 individuals from the serum donor group in further refinement of the dose rate model and was retained in the exposure reconstruction for the other six individuals with documented involvement in the release.
Model Refinement
The estimated dose rates from the initial regression with the direct release work history records included were evaluated to construct a more parsimonious model. The number of independent dose rates for the model was further reduced to include only the JEGs from the initial regression that met one of the following criteria:
The estimated dose rate from the full regression was positive with Pp0.1; or The JEG included job assignments with a priori expectation of potential exposure (trichlorophenol, incinerator, pilot plant, and phenoxy process assignments).
The estimated dose rate for two of the general construction and maintenance categories (exposure potentials 0 and 2) were significant in the initial regression. A previous serum TCDD study at a US trichlorophenol facility identified evidence of somewhat elevated dioxin exposures among individuals with maintenance type job assignments at a US trichlorophenol facility (Collins et al., 2006) . Therefore, all three general construction and maintenance groups were combined and included as a composite exposure group in the refined model. The remaining JEGs were grouped into a category designated as ''other site jobs''.
After this refinement, the model regression was repeated to estimate dose rates for each of the remaining six categories and the release. The resulting model was examined for coherence with qualitative information available from the long-term workers. All JEGs with a priori expected exposures, as well as the composite general construction and maintenance group, were associated with positive, statistically significant or borderline significant (Po0.1) dose rates. However, one additional JEG, professional personnel with exposure frequency rating 0 (PR0), was also associated with a positive, significant dose rate.
The PR0 JEG was considered to have essentially no exposure potential. However, in the dose rate regression, the estimated dose rate for this category was higher than that estimated for any other JEG except for the process release. This JEG consisted primarily of persons involved in the Process Engineering Department (PED). The role of the PED was to engineer and manufacture spray equipment. It was an engineering workshop where qualified tradesmen (fitters and turners) produced spray pumps, booms, nozzles, etc. Some repair of used equipment also was undertaken.
Examination of the regression results showed that the estimated dose rate for this JEG (PR0) was highly sensitive to the inclusion of three individuals with relatively high measured serum TCDD concentrations (39, 55, and 78 p.p.t.) but no history of employment on the dioxinassociated processes. The remaining individuals contributing work history in this JEG had measured serum TCDD concentrations consistent with background. Further review of questionnaire data and discussion with the consulting long-term workers regarding the specific individuals revealed that two had been involved in field trials of 2,4,5-T. 2,4,5-T sprayers in New Zealand have been shown to have elevated serum TCDD concentrations (Johnson et al., 1992) . There was no documentation of any remarkable employmentrelated exposure to TCDD for the third individual. However, in the questionnaire, this individual reported a notable weight loss of 15 kg within the previous 6 months. Elevation of serum organochlorine concentrations following weight loss has been reported previously due to mobilization of stored compounds from fat as fat tissue is lost and organochlorine compounds are redistributed into the remaining, smaller volume of lipid (Mussalo-Rauhamaa et al., 1988; Walford et al., 1999; Chevrier et al., 2000; Imbeault et al., 2001; Charlier et al., 2002; Imbeault et al., 2002a, b; Pelletier et al., 2002a, b; Glynn et al., 2003) .
After consideration of the information regarding these individuals and the overall description of the employment in this department, a decision was made to omit these three individuals from the dose rate regression to estimate a dose rate considered to be more typical for persons in this JEG in the full cohort. The resulting dose rate estimate for the PR0 JEG was small and non-significant, and the regression was repeated with the PR0 JEG now included with ''other site jobs'' group. The model performance following each of these iterative steps is summarized in Table 2 .
The estimated dose rates for the final dose rate regression model are presented in Table 3 . The estimated intercept of 5.1 p.p.t. is consistent with background serum TCDD concentrations among older individuals in New Zealand (Bates et al., 2004) . The estimated dose rates associated with the various exposure categories retained in the model are coherent with one another, with the highest estimated dose rates for the exposure categories with a priori expectation of potential TCDD exposure (phenoxy and trichlorophenol groups) and a lower estimate for the combined general construction and maintenance category. The dose rate estimate for the ''other site jobs'' category is roughly of the same magnitude as estimated dietary background exposures in the US during the time frame of interest (1960s, 1970s, and early 1980s) , which was estimated by Pinsky and Lorber (1998) to be as high as 50-60 ng per year during the late 1960s and early 1970s, suggesting that continuous lifetime employment in these jobs would have a similar impact on serum concentrations as background dietary exposures.
The estimated dose rate associated with direct involvement in the 1986 release, 3840 ng, is equivalent to a single dose of approximately 0.045 mg/kg bodyweight. Assuming that this dose distributed immediately and solely into the fat compartment in the body, the estimated increment in serum lipid TCDD concentration C can be estimated as follows:
The average bodyweight in this cohort was 85 kg, and the estimated percent body fat was typically (Ott and Zober 1996) . Ott and Zober (1996) estimated that more than half of those workers involved with that release or subsequent cleanup received doses of less than 0.1mg/kg, whereas the remaining individuals received greater doses. The modeled serum lipid TCDD concentration at the time of measurement is plotted versus the measured concentrations in Figure 1 . The model performance is relatively modest, with an adjusted R 2 of 0.30. The model intercept of 5.1 p.p.t., although consistent with background TCDD concentrations in New Zealand in older members of the population, overestimates measured concentrations in many of the study group. In addition, there are a number of outliers with substantially higher measured serum TCDD The intercept estimate, in p.p.t., corresponds to a background serum concentration not associated with the occupational history. The remaining parameter estimates are dose rates associated with the composite exposure groups as discussed in the text.
b See text. Release was modeled as a 1-day exposure event.
Note that individuals often contributed work history to more than one exposure category over the course of their employment.
concentrations than estimated by the model. Figure 2 presents the correspondence between measured and modeled concentrations for two subgroups, individuals with job assignments in the composite exposure category including the trichlorophenol manufacturing process, and those who were present at the release incident in 1986. For each of these two groups with expected elevated exposures, the model performance was substantially better than the cohort as a whole. We examined the questionnaire data for 11 individuals with the greatest disparity between measured and modeled TCDD concentrations. One respondent reported extensive work history in the design and operation of the onsite incinerator; this activity was not reflected in the work history records obtained from plant records. One reported employment at another facility handling 2,4,5-T in New Zealand. Another two reported history of employment in the timber industry or sawmills in New Zealand, where there was extensive use of pentachlorophenol. Although pentachlorophenol is not typically contaminated with TCDD, it was standard practice at such sawmills to have ongoing burning operations to dispose of the sawmill waste, and air exposure to TCDD may have occurred onsite in such operations due to emissions from the burning material.
Another individual reported being present when a trichlorophenol process release occurred. This individual was not employed on site at the time period of the April 1986 release, and no documented release during that individual's employment could be identified. This worker also reported a history of herbicide spraying to control brush weeds. Finally, as discussed above, one individual reported substantial recent weight loss of 15 kg, which may have resulted in an elevation of measured serum TCDD concentration.
The model was used to estimate TCDD AUC attributable to occupational exposures for the full study group at the end of follow-up. AUC is estimated as the product of serum lipid concentration and time, with resulting estimates in units of p.p.t.-years. The median and mean estimated AUC values were 13 and 86 p.p.t.-years, respectively; interquartile range: 2-62 p.p.t.-years; maximum: 3757 p.p.t.-years (Figure 3) . These TCDD AUC estimates are substantially lower than those estimated in other studies of groups occupationally exposed to TCDD in the manufacture of 2,4,5-T. For example, the median estimated AUC attributable to occupational exposures for the NIOSH study group was approximately 500 p.p.t.-years or more, depending upon the model used for exposure reconstruction and assumptions regarding background exposures (Aylward et al., 2005a) . In comparison, in this study, the median-estimated AUC attributable to occupational exposure was approximately 13 p.p.t.-years, or forty times lower. The maximum estimated serum lipid TCDD concentration in any worker at any time point during employment based on the model was 295 p.p.t., when measured and estimated maximum concentrations in other groups of workers at 2,4,5-T plants in other countries often exceeded several thousand p.p.t. (Steenland et al., 2001) .
Discussion
This exposure reconstruction is based on measured serum concentrations from a relatively large proportion of the cohort (21.6%) compared with efforts in other cohorts. For example, exposure reconstruction efforts for the NIOSH cohort conducted by Steenland et al. (2001) ; Aylward et al. (2005a) relied upon serum sampling data for approximately 5% of the total cohort, and all of the serum sampling data were collected from individuals from only one of nine plants included in the full analysis. Our large sampling frame resulted in serum samples from substantial numbers of individuals from all major JEGs. However, no external validation of the exposure estimations for the cohort was conducted, nor is it feasible. The overall performance of the model was modest, explaining only 30% of the observed variance in measured serum TCDD concentrations. The model appears to underestimate dioxin levels for some individuals: several individuals displayed substantially higher measured serum TCDD concentrations than suggested by the work history records at the site alone using the modeled occupational dose rates. There are several possible factors that could contribute to the relatively poor performance of the model. Some of the work history records lack completeness as to specific locations of employment around the site. The measured serum TCDD concentrations for this cohort were relatively low compared with other studied cohorts, despite similar elapsed time periods between last occupational exposure and measurement, with many of the measurements within or near the range of background. The maximum measured concentration in this cohort was 100 p.p.t. (see Collins et al., 2008 , for additional details); the maximum measured concentration in the NIOSH cohort was 3300 p.p.t. This is consistent with the general expectation of relatively low exposures at this plant. Because of the relatively low occupational exposures, variability due to nonoccupational factors such as variations in dietary background exposure rates is larger relative to the occupational exposures than in cohorts with higher occupational exposures.
Another factor that could reduce the agreement between measured and modeled concentrations in the basic model assumption is that for a given job there is an average and consistent exposure rate across individuals. This is a highly simplified assumption. There could be isolated anomalous exposure events (small spills, failure to wear personal protective equipment, or undocumented work practices) that have a greater impact on total exposure, and therefore measured serum TCDD concentrations in an individual, than the longer term average exposures for a given job. This explanation is consistent with the identification of the process reactor release as an important contributor to serum TCDD concentrations for 12 individuals. Several of these individuals were identified as outliers in the initial modeling, and the plant medical records, as well as the questionnaire data, led to the recognition of the process release as a possible contributor to their exposures. However, the work history documents alone did not adequately reveal this information.
Finally, exposure to TCDD outside the studied occupational environment can occur. We confirmed that several individuals with outlying TCDD values reported putative exposure to 2,4,5-T from employment at other 2,4,5-T facilities, in agriculture, and in timber industries.
However, despite its limitations, the final model was significantly better than a simplistic model that included only two exposure groups, the UN0 (unexposed) jobs and all other site jobs, which resulted in an R 2 of only 0.07 (details not presented). This suggests that crude assignments of individuals to ''potentially exposed'' and ''unexposed'' based on work history records could introduce substantial exposure misclassification into the study. The exposure reconstruction modeling conducted here did not account for the concentration dependence of TCDD elimination rate observed in individuals with high serum TCDD concentrations (Aylward et al., 2005a, b) . However, the estimated serum TCDD concentrations in this cohort were universally below 300 p.p.t., a range in which the concentration dependence of elimination rate is likely to be minimal (Aylward et al., 2005b) . The age-and smokingdependence of TCDD elimination rates previously identified (Flesch-Janys et al., 1996; Milbrath et al., 2007) was included in the modeling, however.
The estimated dose rates resulting from the model were reasonable with both the pattern of results by job category and the magnitude of the estimated dose rates consistent with previous research on occupationally exposed populations. Although the model performance was somewhat limited in the absence of any industrial hygiene data, the model allows a reconstruction to assess relative exposure among employees and provide one basis for exposure classification for assessment of health outcomes. Misclassification is likely to occur, with a bias towards not identifying persons with higher measured TCDD levels as highly exposed. The model also results in overestimates of serum concentrations for many individuals with very low measured concentrations due to the fixed intercept fitted by the regression model at a value similar to the mean of serum concentrations consistent with background exposures. The model structure does not allow for any estimated serum concentrations lower than the mean of background exposures, thus resulting in an overestimate of serum concentrations for approximately half of the persons with only background exposure. However, the magnitude of this error is generally small.
The serum sampling data and AUC estimates for this cohort were low compared with those for other 2,4,5-T cohorts which have been evaluated using similar modeling approaches (Ott et al., 1993; Flesch-Janys et al., 1998; Steenland et al., 2001) . These low values are consistent with both the occupational and medical records of the site, which show no history of chloracne in any individuals employed at the site, as well as the time period of 2,4,5-T and 2,4,5-trichlorophenol plants operations. The serum sampling data and exposure reconstruction model developed here do point to the possibility that anomalous exposure events may result in elevated serum lipid TCDD concentrations that cannot be predicted based on occupational work history records alone for some individuals.
Historical exposure assessment for occupational epidemiology studies is frequently based on incomplete information on exposure levels over time making it difficult to develop quantitative exposure estimates. Our study collected serum dioxin levels on 346 workers with which to estimate TCDD levels for 1599 workers. The work history information on all workers, the knowledge of exposure potential, and the long half-life of dioxins in the body provide substantial information for developing historical exposure estimates. Although we found some limitations in our ability to model, our ability to estimate exposure levels based on biological monitoring allow us to more confidently use these estimates in future epidemiology studies.
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